During the past decade, many successful studies have evidently shown remarkable capability of Fiber Bragg Gratings (FBG) sensor for dynamic sensing. Most of the research works utilized the 1550 nm wavelength range of FBG sensors. However near infra-red (NIR) FBG sensors can offer the lower cost of Structural health Monitoring (SHM) systems which uses cheaper silicon sources and detectors. Unfortunately, the excessive noise levels that experienced in NIR wavelengths have caused the rejection of sensor that operating in this range of wavelengths for SHM systems. However, with the appropriate use of signal processing tools, these noisy signals can be easily 'cleaned'. Wavelet analysis is one of the powerful signal processing tools nowadays, not only for time-frequency analysis but also for signal denoising. This present study revealed that the NIR FBG range gave good response to impact signals. Furthermore, these 'noisy' signals' response were successfully filtered using one dimensional wavelet analysis.
INTRODUCTION
Any structures that involved composite materials may experience significance failure possibilities during service due to impact loading situations [1] . The damage caused by an impact, not always visible but grows inside the composite laminates with the time. Fortunately with the increasing number of research work in Structural Health Monitoring (SHM) of composite structures, there are many ways of early damage monitoring before it turn into catastrophic. FBG sensors for dynamic measurement open up a new dimension for SHM of composite structures. FBGs are relatively a new technology for SHM purposes. They have multiple of advantages such as small physical size, electromagnetic interference insensitivity, lightweight, high temperature sensing, environmentally unfavourable conditions and multiplexing ability [2] . Furthermore, the capabilities of embedding the sensors into the composite laminates allow the manufacturing of smart structures; which can automatically diagnose itself for any faulty condition.
As far as the authors were concerned, only 1550 nm range of FBG sensors are used for dynamic measurement to date [3] [4] [5] [6] [7] [8] . The use of FBG sensors for dynamic measurement is defined as 'FBG dynamic sensing' throughout this article. There are various applications such as telecommunications and medical, extensively use 1550 nm wavelength range FBG sensors. However, SHM systems with 1550 nm FBG range is not feasible for low-end application such as civil infrastructures etc. due to high cost associate with the 1550 nm communication range sensors. In that case the near infra-red FBG range (~830 nm) can be a good alternative. This FBG range uses widely available and comparably cheaper silicon based technologies. Therefore it can contribute to the development of low cost SHM systems.
Signal to noise ratio (SNR) is one of the big issues when applying the FBG dynamic sensing; including all range of FBG wavelength. Although many previous works have shown the remarkability of acquiring the dynamic signals with FBGs, the signals actually have relatively low SNR [3] [4] [5] [6] [7] [8] . The noise levels of NIR FBGs are very high as indicates by the signal response due to an impact, in Figure 1 . However, this noise signal; which is behaving like a "white noise", can be reduced or eliminate by using appropriate signal processing tool such as wavelet analysis. 
Denoising with Discrete Wavelet Transform
Wavelet analysis is one of the greatest tools for signal processing nowadays. In signal processing fields, it is well known that a continuous wavelet transform (CWT) is better than fast Fourier transform (FFT) in term of time-frequency analysis [9] . A CWT function can be expressed as [10] ,
where > 0 and the superscript * indicates the complex conjugate. The term ( ) is the basic wavelet. The parameter in equation 1 stands for the scale of basic wavelet and is related to signal frequency. Meanwhile, the parameter stands for shift or position of basic wavelet and it can be related to the time of the signal. Plotting wavelet transform magnitude on − axis gives the time-frequency view of a signal. For better accuracy of transformation and signal reconstructive, an appropriate mother wavelet needs to be carefully chosen.
CWT actually unpractical in real usage, therefore a sampled version of CWT which is discrete wavelet transform (DWT) was introduced for many applications such as noise filtering or signal denoising [11] . DWT decomposed any signals into several levels of approximations and details. The parameter s and (as is Equation 1) which is continuous in CWT can be 'discretized' by introducing dyadic grid [11, 12] ,
Therefore the ( , ), in Equation 1, can be written in discrete version, ( , ),
where , * ( ) = 2 (2 − ) is the dilated and translated version of the mother wavelet ( ). More level of decomposition can 'dismantle' the signal into more details. This unique capability of wavelet transform actually works with a series of low-pass and high-pass filter; which can be used for denoising. In this study, the author prefers Daubechies wavelets (dbN) as it is established in normal application and can give exact reconstruction. In other words, any wavelet order in this family can be selected arbitrarily since all of them can provide no loses during signal reconstruction. In particular, db20 ( Figure 2 ) was chosen as it has high number of vanishing moments thus better representation of polynomial information in the signal and better result. For DWT analysis, the analysis and synthesis filters are more importance than the associated scaling function and wavelet since it is more related to the low-pass and high-pass filter. The analysis (decomposition) and synthesis (reconstruction) filters of the db20 wavelet can be shown as in Figure 3 . Figure 3 . Analysis and synthesis filters for db20 wavelet [13] ; (a) decomposition low-pass filter, (b) decomposition high-pass filter, (c) reconstruction low-pass filter and (d) reconstruction high-pass filter.
The term 'denoising' was found to be claimed by Donoho where he had shown comprehensively, how wavelet transform can be used to optimally reduce signal noise [14] . Denoising is very useful in many of applications such as image compression [15] , trends analysis [16] and smoothing kinematic data [17] . The theory of DWT for denoising was discussed thoroughly by many of the previous works [11, 12, 18, 19] . The main procedure of denoising can be concluded in three steps which are signal decomposition, thresholding and signal reconstruction [11] . In the thresholding stage, the noise elimination is done by setting the threshold to the coefficients in the details part; after the decomposition process. There are many threshold estimation methods, however the hard and soft thresholding by Donoho, 1995 [14] is widely used; including in this present work.
The main objective of this study is to reduce the noise level in the impact signal captured by FBG dynamic sensing (NIR range) which has low SNR using DWT. A smooth signal can be very useful in some specific applications such as impact location and damage monitoring on composite thin plates. Smoother signal can help to provide better accuracy of the arrival time between to sensors and impact source; and also can clearly indicate if the wave signal from any impact has variations when travelling through any damage across the thin plates.
EXPERIMENTATION
A Gl/epoxy resin laminates with a stacking sequence of [0°] 8 were fabricated by the hand lay-up method. An NIR FBG sensor was embedded during the lay-up and was placed between the 7 th and 8 th layer of the laminates. The full setup for FBG dynamic sensing can be shown as in Figure 3 . Through this arrangement, any changes of the reflected light from FBG sensor due to dynamic strain will be detected by photo detector (PD). The PD converts the optical power into electrical signal which can be observed from the oscilloscope. A piezoelectric transducer also attached here to compare the sensitivity of the NIR FBG response. 
Time (s)
An impact by a hammer was done to the sample and the waveform signals from FBG and piezoelectric sensor was recorded. The sampling rate for the acquisition was set into 25000 samples per second. The sensors arrangement and the impact location are as shown in Figure 4 and 5. Later, several high frequency excitations were applied to the samples through the shaker. All the responses were recorded using the digital storage oscilloscope. The post processing was conducted using wavelet toolbox in MATLAB R2011b software. 
RESULT AND DISCUSSION
The original impact signal and its respective Fast Fourier transform (FFT) from both samples can be shown as in Figure  6 . Both signal waveforms have very low SNR and hardly to determine some of important signal parameters such as the accurate starting points of the impact and the rise time. The results also reveal that, only the first natural frequency, approximately at 170 Hz, which is flexural mode and has the highest amplitude. The piezoelectric sensor shows a good response to most of the vibration modes compared to FBG sensor; as shown by the FFT comparison in Figure 7 , whereas the FBG dynamic sensing has shown to have a very good detection in flexural wave propagation. 
DWT analysis
To determine the best level, m, for decomposition process, the calculation must be done base on scale relation as in Equation 2. Generally, for sampling rate, f n , of 25k, the decomposition levels can be represented as in table 1. Note that, considering the Nyquist theorem, the frequency must be multiplied by 2 to give an appropriate sampling rate, thus for the case of 171 Hz signal (the first natural frequency), at least, it must be sampled by 342 Hz. From the table 1, decomposition until level 6 is suitable, as the 342 Hz fall in this range. Figure 8 shows the approximation result of the signal from FBG sensor (due to an impact), at three different levels of decomposition; including its respective FFT spectrum. The denoised signal was obtained by setting up the entire details coefficient of all levels to be below the threshold value; except the level which has the important frequency range.
Response due to impact
Setting all levels to below threshold value will give only the first natural frequency; for this particular case. However, there is an 'additional' frequency appeared in FFT spectrum ( Figure 8f) ; which is not consistent with any of natural frequency contents, either from theoretical calculation or from piezoelectric sensor result. This fake frequency formed as the result of over denoising or in other words, some of the important details coefficient was not recovered correctly during the reconstruction of the signal. Reducing into the lower level of decomposition will solve the problem. Since the NIR FBG dynamic sensing can capture the first three natural frequencies; threshold for level 5 and 6 were set to zero to give the result as in Figure 8 (c, d) , thus, well recovered all those frequencies. 
When considering the FBG dynamic system response to a shaker excitation as indicated by Figure 9 (a), the thresholding process also need to consider the corresponding frequency range. This is to assure all important frequency information will not diminish during signal reconstruction. The 150 Hz, 250 Hz and 1500 Hz which appear in FFT analysis in Figure  9 (b), are the natural frequencies which also vibrate as the result of shaker excitations.
Meanwhile, Figure 9 (e) and (f) specifies the denoised version of the signal and its FFT spectrum. It can be seen that all the original natural frequencies were 'preserved' after denoising process. Note that, the denoising also can be used to eliminate the utility frequency (50 Hz) which exists in the original waveform. As comparison with the denoised version, the signal response from piezoelectric sensor is presented as in Figure 9 (c) and (d). 
CONCLUSION
The application of NIR FBG for dynamic measurement has been presented. Although the study has revealed the potential of capturing the wave propagation due to an impact and high frequency vibrations using the system, the signal waveform were very noisy; low SNR. However, smoothing the noisy signal was successfully done by using DWT analysis. The most of the natural frequencies were recovered from FBG sensor signal after DWT analysis.
